Epithelial-directed mesenchyme differentiation in vitro model of murine odontoblast differentiation mediated by quail epithelia.
To assess the requirement for specific or possibly non-specific epithelial instructions for mesenchymal cell differentiation, we designed studies to evaluate and compare homotypic with heterotypic tissue recombinations across vertebrate species. These studies further tested the hypothesis that determined dental papilla mesenchyme requires epithelial-derived instructions to differentiate into functional odontoblast cells using a serumless, chemically-defined medium. Theiler stage 25 C57BL/6 or Swiss Webster cap stage mandibular first molar tooth organs or trypsin-dissociated, homotypic epithelial-mesenchymal tissue recombinants resulted in the differentiation of odontoblasts within 3 days. Epithelial differentiation into functional ameloblasts was observed within 7 days. Trypsin-dissociated and isolated mesenchyme did not differentiate into odontoblasts under these experimental conditions. Heterotypic recombinants between quail Hamburger-Hamilton stages 22-26 mandibular epithelium and Theiler stage 25 dental papilla mesenchyme routinely resulted in odontoblast differentiation within 3 days in vitro. Odontoblast differentiation and the production of dentine extracellular matrix continued throughout the 10 days in organ culture. Ultrastructural observations of the interface between quail and mouse tissues indicated the reconstitution of the basal lamina as well as the maintenance of an intact basal lamina during 10 days in vitro. Quail epithelial cells did not differentiate into ameloblasts and no enamel extracellular matrix was observed. These results show that quail mandibular epithelium can provide the required developmental instructions for odontoblast differentiation in the absence of serum or other exogenous humoral factors in a chemically-defined medium. They also suggest the importance of reciprocal epithelial-mesenchymal interactions during epidermal organogenesis.